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ABSTRACT 

The solar photosphere baclcscatters a substantial fraction of the hard X-rays 
from solar flares incident upon it. We have studied this reflection by using a 
Monte Carlo simulation which takes into account Compton scattering and photo- 
electric absorption. We have considered both isotropic and anisotropic X-ray 
sources, and wo have evaluated the bremsstrahlung from an anisotropic distri- 
bution of electrons. We find that by taking the reflection into account, we can 
remove the inconsistency between recent observational data regarding the 
center-to-llmb variation of solar X-ray emission and the predictions of models 
in which accelerated electrons are moving down toward the photosphere. 

The backscattered photons create an observable albedo patch on the photo- 
sphere. If the height of the primary source is larger than its size, then the 
albedo patch can be distinguished from the primary source with detectors having 
high angular resolution. By resolving the albedo patch, information can be ob- 
tained on the ratio between the primary and reflected fluxes , on the scale size 
of the surface brightness of the patch, and, if the flare is not near the disk cen- 
ter, on the angular displacement of the primary source with respect to the cen- 
troid of the patch. Such data might become available from a detector on board 
NASA's Solar Maximum Mission (SMM), and could give information on the ani- 
sotropy and height of the primary X-ray source . 
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1 . INTRODUCTION 

Hard X-ray emission is a common phenomenon associated with solar flares. 
Photons in the energy range from 10 to 50keV, when emitted down toward the 
photosphere, have a high probability of being reflected due to Compton scatter- 
ing. This effect was first pointed out by Tomblin (1972), and was subsequently 
analyzed by Santangelo, Ilorstman and IIorstman-Moretti (1973), and by Henoux 
(1975). As a result of this I’eflection, both the spectrum and the intensity of the 
X-rays are significantly modified , particularly for anisotropic X-ray sources 
which radiate predominantly in the downward direction. Furthermore, the re- 
flection creates an albedo patch whose resolution fi’om the primary X-ray soux’ce 
could give valuable information on the height of tliis source and on the anisotropy 
of the X-rays (Brown, van Beek and McClymont 1975). 

In this paper we present a detailed treatment of X-ray reflection from the 
photosphere. We evaluate the spectrum and intensity of the sum of primary and 
reflected X-rays as a function of the flare location on the sun for isotropic and 
anisotropic X-ray sources. For isotx’opic sources we use both power-law and 
thermal X-ray spectra; for anisotropic sources we evaluate the bremsstrahlung 
of an anisotropic electron distribution. We- also evaluate the surface brightness 
of the albedo patch resulting from the reflection by calculating the reflection 
probability as a function of the photon energy and its incident and reflected 


directions. 
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X-ray emission from electrons beamed down towards tlie photosphere lias 
been treated l:y Brown (1072) and by Peti’osian (1973). If reflection is ignored, 
X-ray emission from such electrons in the 10 to 50keV region shows a large 
limb brightening wliich has not been detected by observations. By analyzing 
about 300 X-ray events observed by OGO-5, Kane (1974) reported that there was 
no conter-to-iimb variation in the frequency of X-ray events. Datlowe, Elcan, 
and Hudson (1974), who analyzed in detail 123 hard X-ray events observed by 
OSO-7 between 10 October 1971 and 0 June 1972, did not find any significant 
center-to-limb variations in X-ray fluxes, durations of the bursts, and frequen- 
cies of occurrences . Furthermore , these authors found that the spectra of limb 
flares are statistically slightly steeper than those of disk flares. As we shall 
show, this result, as well as the lack of limb brightening, is consistent with 
anisotropic X-ray omission with reflection taken into account. 

If the size of the primai’y X-ray som'ce is considerably smaller than its 
height, then in principle the primary source can be resolved from its albedo 
patch. When such resolution is possible, three independent measiu’ements can 
give information on the height of the primary source and the anisotropy of the 
primary X-rays. These measurements are the I'atio between the number of pri- 
mary and reflected X-rays, the distribution of surface brightness of the albedo 
patch, and, if the primary source is not at the disk center, the displacement 
of the pi’oiection of the source with respect to the centroid of the albedo patch. 
Brown ot al. (197.9) have discussed the possibility of detci mining the height of 



tho primary X-ray source from the size of the albedo patch, and have shown 
that for small primary sources at heights ranging from about lO’’ to 5 x 10“* Ion 
above the photosphere, such measurements could be perfoimied by the Hard 
X-Ray Imaging Spectrometer that will be flown on NASA's Solar Maximum Mis- 
sion. In their calculations, however. Brown ot al. (1975) assumed that the re- 
flection px'obability is independent of the incident direction of tho photon. As we 
shall show, the reflection probability depends quite stx'ongly on this direction} 
as a consequence, albedo patches from flares not close to the disk center are 
larger than found by these authors. 

In Section 2 we desci-ibe the methods of the calculations, mid in Section 3 
we evaluate the reflection fi’om isotropic X-ray sources. In Section 4 we calcu- 
late the X-ray emission, both direct and reflected, produced by accelerated 
electrons moving down toward the photosphere. In this section we also discuss 
the relationships of the center-to-limb variations of the fluxes and spectra of 
hard X-ray events to the anisotropy of the accelerated electrons, and compare 
the results with the data of Datlowe ot al. (1974). In Section 5 we evaluate the 
reflection probabilities of monoenergetic and unidirectional photons. We then 
use these probabilities to calculate the surface brightness distribution of albedo 
patches from isotropic and anisotropic electrons , for two photon energies and 
two representative flare locations on the Sun. We summarize our results 


in Section 6. 
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2. METHODS OF CALCULATIONS 

Hard X-rays released down to the photosphere are either Compton scattered 
or absorbed by the photoelectric effect. The differential Compton cross section 
is given by (Klein and Nishina 1929) 

^2 


(ioc 

d£2 




( 1 ) 


Here 0 ^ is the scattering angle, Tq = 2.82 x 10"*^ cm, and Cq ^ initial 

and final photon energies related by 

e - £ q /[\ + (eo/mc2) (i-cos9s)|, (2) 

where mc^ is the electron rest mass energy. The total Compton cross section 
is 


( 3 ) 


2 7T * 

[ I + a 

[2(1 +a) Gn(l+2a)] 


[ 

L 1 + 2a 

a J 

Cn ( 1 + 2a) 

1 +3a 1 

1 


2a (I+2a-)2. 

where a = In our calculation we multiply tliis cross section by 1.15 to 

talce into account the effects of He and heavier elements. 

We use the photoelectric absoi’ption cross section, a-, , given by Fireman 
(1974). At the energies of intex’est (^lO keV), this cross section depends mainly 
on the abundance of heavy elements such as O, Fe, and Ni. Fireman (1974) used 
the photosphex’ic abundances given by Withbx’oe (1971). The following analytical 
form is a good approximation to the extx’apolation of his result to energies 
^lOkeV; 

(^o) = 7,2 X lO"-^ (cni2/H-aiom>, 


where Cq is in keV. 


(4) 
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Throughout the present paper we assume that the photosphex’e is plane- 
stratified. We evaluate Uie backscattering of primary photons b}' using a Monte 
Carlo simulation. We generate pliolons distributed in accordance with a source 
function Q(eo, Oq, <Po)$ where Ogand ai’e the polar and azimuthal angles of 
the photon in a system whose Z-axis is perpendicular to the photosphere. 
Photons with Oq <90° move away from the Sun. E before the scattering the 
direction of the photon is defined by (0| , i^i), then after the scattering the photon 
direction is given by ( 02 , 1 ^ 2 ) « where 

cosd 2 = cos0| cos Os - sinOi sin0scosv>s> (5) 

cosv ?2 = (cosOi cosv?j sinOsCOSV’s ~ sin¥>| sin Os sink’s 

+ sin Oj cosi/Jj cos 0s)/sin O 2 , (6) 

sini /?2 = (cosO] siii(^i sin Os cosy’s cosy>| sin0ssiny>s 

+ sinOi sin y?j cos 0s)/sin O 2 . (7) 

Here Oj and <ps are the polar and azimuthal angles of tlxe scattered photon in a 
frame whose Z-axis is aligned with the direction of motion of the photon before 
the scattering. 

We choose the initial energy of the photon, Cq , such that photons are uni- 
fox’mly distributed in log Cq space, and we then take into account the energy 
spect?’um of the primary X-i'ays by assigning eadi photon a weighted number 
proportional to its energy and the diffex’ential photon intensity at this energy. 

This procedure is more advantageous than the direct generation of photons with 
a desired energy spectrum for two reasons. First, in the latter procedure the 
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photon count statistics decreases rapidly with increasing energy, while with the 
present method the photon coimt statistics remains similar in each logarithmi- 
cally spaced energy bin. Second, with the present method we can get the results 
corresponding to initial photons with various energy spectra with only one com- 
puter run by simply assigning the appropriate weighting factors to each photon. 

We follow all the photons until they escape or are absorbed. The relation- 
ship between the energy of the photon before and after the scattering is given by 
equation (2), and the relationship between their directions of motion is given by 
equations (5) through (7). At each scattering, the angle is selected in accor- 
dance with the differential cross section given by equations (1) and (2), and <Ps is 
taken as a uniformly distributed random number. We collect the reflected pho- 
tons according to their final energies, e , and the directions of motion, {0 ,^p), 
thereby defining a source function Q'(c, ^ , V’ ). 

Frpm the above calculations we find that the escaping photons undergo on 
the average only a few scatterings. Since these scatterings take place at co- 
lumnar depths of about 10^^ cm*^ , photons are backscattered predominantly in 
the photosphere where the mean free path is of the order of lO’ cm. 

3. THE ALBEDO OF ISOTROPIC SOURCES 

For the calculations of this section we use isotropic photon sources. We 
consider power-law soarces given by 

Q(e) = Ae** (photons sr*' sec*' keV-' ). (8) 

and optically thin thermal sources given by (e.g. , Holt 1974) 


REPRODUCmiUTY OK Tilt 
ORKiINAL PAGF. IS POOR 
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Q(c) ^ 2.41 X tu r.el 'V- Hj V 

X lkT.-«2 (c/CT)-l «p w/kT) . (8) 

whore c and kT aro in koV, Z is the atomic nuntber of the medium, n^. and nj 
aro tho olccti’on and ion densities, V is the volume of the omitting source, and 
g(T, e ) is the Gaunt factor (Karzas and Latter 1901). 

The differential reflectivity for such source is defined as 

R(e.d.vJ) = Q'{e.0,V5)«'Q(c) (10) 

whore Q' is tho number of reflected photons in the direction {0 , per (sr-sec- 
keV) duo to the primary source Q(e). The integral reflectivity is given by 

J - 2jr r 1 

d«/J tl(cosO) K(c,0,^). (11) 

0 J 0 

Figure 1 shows tho integral reflectivities of isotropic sources with power- 
law and thermal spectra. As can be seen, the reflectivity is maximum ai’ound 
30kcV. At lower energies the reflectivity is reduced by photoelectric absorp- 
tion, and at higher enei’gios the reflectivity decreases because in the scattering 
process photons emerge preferentially in the forward direction. Furthermore, 
because higher energy photons lose energy in Compton scattering, the reflec- 
tivity at high energies is larger for flatter photon spectra. 

The properties of the differential reflectivity are investigated in Figure 2, 
which shows the quantity 1 i-R(c , 0) for various values of the direction of obser- 
vation, 0 , and two incident photon spectra. As can be seen, below ~250koV the 
reflectivity is larger at smaller values of 0, because the amount of matter tra- 
versed by the reflected photon is smaller in these eases. This trend is reversed 



at higher energies, bocaiujo at these energies the cross section for large angle 
scattering is small. 

The idea that solar hard X~rays are produced by hot thoi’mal electrons be- 
gan to gather new interest recently (Colgate, Audouze and Fowler 1977). In 
Figure 3 we show the total (primary and reflected) photon spectrum of thermal 
X-ray sources for kT = 20 and 30UoV and two directions of observation. As can 
be seen, even though the total spectra are somewhat steeper than the primary 
specti’a, they cannot be well approxiimu ^'d by single power laws. 

4. ANISOTROPIC SOURCES 

For the calculations of this section, we assume that X-rays are produced 
by accelerated electrons with momentum vectors uniformly distributed in a cone 
of 30° half opening angle centered around the downward vertical vector. The 
distribution function of the momentum vectors of such electrons is 


[27r(l-ccs 30° )1 


for 150° ^ 0 ' ^180° 
otherwise, 


where O' is the polar angle measured from the normal to the plane-stratified 
photosphex’e. We also assume that the instantaneous electron energy spectra 
are power laws with power-indexes 2.5 and 3.5. 

The bremsstrahlung produced by these electi’ons leads to a photon soiu’ce 
given by 


r 

■, 0 ) = n iU2" 

J Je 


dllN(E)g' (0",^") v(E) 
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Hero N(E) is tlio instantaneous differential olocti’on number, n Is the ambient 

density, v(E) Is the electron velocity, 0 is the angle between the lino of sight 

and the normal to the photosphere, 0 ” is the polar angle of the electron momen- 

0 

turn vector measured from the lino of sight, , , ■ „ (E, e , 0 " ) Is the differen- 

(IC (ifj 

tial bremsstrahlung cross-section, and g'(t?" , ys" ) is the angular distribution 
function of the velocity vectors of the electrons In the cooi’dinato system whose 
Z-axis is the line of sight. 

Using the above equation and the Formula 2BN in Koch and Motsi (1959) for 
the differential cross section (non-sci’eened) , we calculate the X-ray production 
rate, Q(c, 0 ), for vai’ious values of c and 0 . The results are shown by solid 
lines in Figures 4 and 5 for electron distributions with power indexes 2,5 and 
3.5, respectively . In this figure, 90® corresponds to X-ray emission from the 
solar limb, and 0® to emission at the disk center. Without the reflection of the 
X-rays, there would be a large limb brightening and a slight limb flattening of 
the photon spectra. Similar results were obtained by Brown (1972) and by 
Petrosian (1973). The dashed lines in these figures show the resultant total 
photon production I’ates Including the primary and reflected sources. As can be 
seen, the limb brightening effect has almost disappeared except at very low en- 
ergies or at very high energies where the reflectivity is small (Figure 1), 

Henoux (1975) also reported similar results. Therefore, the aiiisoti’opic model 
in which electrons are moving toward the photosphere is not co. itradictory to the 
results of Datlowe et al. (1974^ 197G) when the reflected component is properly 


taken into account. 
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Figure 6 shows the photon spectra due to anisotropic sources, taken from 
Figures 4 and 5 for several observation angles. Even though over the' entire 
energy range the photon spectra deviate from power laws, in the 15 to SOkeV 
they can be reasonably well approximated by a single power law . Hie resultant 
spectral indexes for this energy range are shown in Table 1. Similar approxi- 
mations can be made for the isotropic power-law and themal sources. As can 
be seen, for the isotropic sources, the spectral index does not change appreci- 
ably with heliocentric angle because reflection is not the dominant source of 
photons in this case. On the other hand, for the anisotropic sources the photon 
spectrum steepens as the heliocentric angle increases, a fact that can account 
for the result of Datlowe et al. (1974) who found that the average spectral index 
(in the 17 to 45keV range) of limb flares is larger by about 0.5 than of disk 
flares. 

One of the characteristics of the spectra shown in Figure 6 is that for flares 
near the disk center the spectra steepen as energy increases, but this character 
is loss pronounced for limb flares. Therefore, if the accelerated electrons in 
flares are beamed downward, the spectra nieasured at energies > 100 keV will 
show a limb flattening in contrast to the spectra measured at energies < 50keV. 
This may be tested in future experiments. If the steepening of the spectrum at 
energies ^ 100 keV is larger for flares near the disk center than for flares near 
the limb, it can he regarded as a supporting evidence for the anisotropic model. 
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5. THE ALBEDO PATCH 

In this section wo calculate the distribution of surface brightness of the al- 
bedo patch for X-ray emission from a primary point source. We define P(co , 

0Q » 0 ) as the probability for a photon with energy Cq incident upon the photo- 

sphere with polar angle Oq to be reflected per unit solid angle along the direction 
{6, <p), where ^ is the angle between the projections on the photosphere of the 
incident and reflected directions . Here we normalize P such that the integral of 
P over 0 and yj is 1 when there is no absorption. In order to calculate this prob- 
ability we use the Monte Carlo simulation described in Section 2. The results 
are shown in Figures 7 and 8 for Cq = 30keV and Cq = ISkeV, respectively. The 
probability of reflection for 0 = 0® (not shown in these figures) is almost constant 
equal to about 0.8 for - 30keV and about 0.3 for = ISkeV. For larger 
values of 0 , however, P Is not a constant. 

The value of P is determined by the combined effects of the angular depen- 
dence of the Compton scattering cross section and the probability for escape de- 
termined by the amoimt of material traversed before and after the scattering 
process. For example, for a given observation angle 0 , P Increases as Oq d©" 
creases from vertical incidence {0^ = 180°) , mainly because less material is 
traversed by the escaping photons when Oq is small than when Oq is large. For 
the same reason, the variation with 0^ is steeper for ISkeV than for 30keV, 
because absorption is more important at lower energies. On the other hand, for 
a given 0o (>90°), P decreases as 0 increases from 0 = 0° (vertical escape) 


14 


because also in this case increasingly larger amounts of material are traversed 
by the escaping photons. The dependence of P ony? is due mainly to the angular 
dependence of the Compton cross flection. 

As wo have mentioned earlier, for 0 ci 0® , P is almost Independent of Oq an.d 
of course it does not depend on . This effect is caused by the fact that as Oq 
decreases from 180® both the Compton cross section and the amount of material 
traversed by the escaping photons decrease and these two decreases have oppo- 
site effects on the reflection probability. Furthermore, because of this effect, 
the variation of P with Oq is less steep when 0 is small than when 0 is large. 

Note that for 0 = 0® and Oq = 180® we have baclcward scattering for which the 
Compton cross section is maximal in the nonrelativistic region. 

In the calculations of Brown et al. (1975) , it was assumed that the reflection 
probability is constant. From the above discussion it follows that this assump- 
tion is valid only for.. flares near the disk center. The net effect of the increase 
of P vvith decreasing (Figures 7 and 8) is to make the albedo patch larger 
than the ^atch which >v°^ld be obtEdfied by using a constant P . 

_ The surface bri^^fness of the albedo, patch (measured in photons sr'* cm-2 
sec"*^) observed at an augle 0 due to a point source of monoenergetic photons in- 


cident on the photp^h^ere is proper^ to the number of photons incident upon 
unit area and their prob|ibiB^^ 




= fC:^y'fh2 {'(je/io2+i}3/2j-i 


> i.nnc’t ‘Vi “o = 


r r * ‘ ; ; 


(14) 
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Hex’e <p ) represents the number of photpns (measured In sr"‘ sec"^) incident 
along the direction ((?o» 'P)) the height of the source, and E = -h tan Oq- 
Equation (14) implicitly assumes Uiat the photon enters and escapes from the 
photosphere at the same position. This assumption is generally valid because 
the height of the X-ray source is believed to be much larger than the mean free 
path of the photon in the photosphere, wMch is only about 10^ cm. 

Equation (14) gives the surface brightness due to a mono-energetic primary 
source. As we have seen in Section 3, the reflectivity (which is proportional to 
the Integral of I over 8 and v? ) does depend on the spectrum of the primUry 
source. However, because the energy loss during the scattering px'ocess in the 
energy range from about 10 to 30keV is not large (about 4keV at e‘o =- 30 keV and 
about IkeV for Cq = iskeV), the angular dependence of P and I are not strongly 
dependent on the primary spectrum. Therefore, we plot the isobrightness con- 
tours of the albedo patch by using equation (14). 

The results are shown in Figure 9 for various cases, where the scale is 
given in units of the height of the source, h. By comparing cases a and b, we 
see that the albedo patches are larger for larger values of 0. This result is a 
direct consequence of behavior of P as shown in Figure 7. Furthermore, by 
comparing cases b and c we see that the size of the albedo patch decreases with 
increasing energy, and this result is also a consequence of the behavior of P as 
can be seen by comparing Figures 7 and 8. Finally, by comparing cases a and 
d, we see that the albedo patch becomes smaller for the anisotropic case than 
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for the iaotropte case. However, ainco at onorgioti below about IHJivoV X-ray 
omiasiou in the forward hemiuphere Is almoKt independent oi ubtiervation angle 
(Figures 4 and 5), the size of the albedo patch at those energies is essentially 
independent of the anisotropy of the primary X-ray source. 

6. SUMMARY AND CONCLUSION 

The r-eflectivity of hard X-rays depends on the energy and the spectral shape 
of the primary photons. The reflectivity is largest for flares near the disk cen- 
ter, for flat photon spectra and for photon energies around liOkeV. For example, 
for an isotropic source at the disk center with difbncutial number spectrum i , 
the ratio between the reflected and primary fluxes is about 0.8 at maximum 
value. As a result of the reflection, for isotropic soiu’ces with power-law spec- 
tra the X-ray spectrum in the 15 to 50 keV range becomes slightly flatter than 
the primai'y spectrum. As can be seen from Table l, this flattening is essen- 
tially independent of the position of the flare on the Sun. 

For,X-rays produced by electrons moving toward the photosphere there is no 
strong variation of the brightness of the X-ray emission with position of the flare 
on the Sun in the 15 to 50keV range (Figures 4 and 5). This result is quite dif- 
ferent from the large center-to-limb variation that would be obtained from such 
electrons if reflection were not taken into account. The X-ray spectrum from 
such electrons steepens significantly as the position of the flare moves from the 
disk center to the limb. Such limb steepening is a unique consequence of reflec- 
tion, and together with the lack of limb brightening, is consistent with data on the 



centor-to~lhnb vai’Jation of solax’ X-ray emission (Kane 1974, Datlowe et al, 
1974, 197G). At higher energies (>100 keV), however, the backscattor is neg- 
ligible and therefore X-ray emission from downward moving electrons should 
show a strong limb brightening and limb flattening. 

Px'ovided that the primary X-ray source can be resolved from its albedo 
patch, the ratio between primax-y and reflected photon fluxes, the size of the 
albedo patch , and the displacement of the px’imax’y X-x’ay source from the ccn- 
tx'oid of the patch, can give infox’mation on the anisotropy and height of X-x’ay 


source . 
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I'ablc* 1 

Spectral Indexes of Photon Si^etra In the Range from 15keV to 50keV 
(a) Isotropic Photon Sources with Power-law Spectra 


Original 

Photon 

Sfwctral 

Index 


5* 


0 

45* 


75* 

2 


1.76 


1.78 


1.88 

3 


2.85 


2.88 


2.95 

4 


3.94 


3.94 


3.95 

5 


4.97 


4.97 


4.98 

(b) Anisotropic Sources 

Spectral 
Index 
of the 
Electrons 

5* 

No 

„ „ Reflection 

Reflection 

0 

45 

No 

Reflection 

0 

Reflection 

75’ 

No r. 

,, .. Reflection 

Ret lection 

".S 

3.48 

2.68 

3.52 

2.80 

3.40 

3.06 

3.5 

4.44 

3.81 

4.49 

3.96 

4.39 

4.12 
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Figure 1 
Figure 2 
Figure 3 


Figure 4 


Figure 5 
Figure 6 

Figui’e 7 


FIGURE CAPTIONS 

, Integral reflectivities of isotropic X-ray sources. The reflectivity 
Is defined in equations 10 and 11. 

. 1 + R{c ,0) for isotropic sources with power-law spectra, where 
R(e,0) is the differential reflectivity defined in equation 10. 

. Photon spectra duo to a thermal hydrogen plasma with - nj = 1cm , 
and kT = 20keV and kT = 30keV. The resultant spectra (including 
the reflected component) seen at 0 = 5“ and at 0 = 75" ax’o shown by 
the solid lines. The dashed lines indicate the original spectrum. 

, Photon intensities due to the accelerated electrons moving toward 
the photosphere with velocity vectors uniformly distributed in a cone 
with half opening angle 30° and centered at the vertical to the photo- 
sphere. The spectrum of the accelerated electrons is The 

solid lines i*epresent primary photon intensities and the dashed lines 
represent the sum of the primary and reflected photons . 

. Same as Figux’e 4, except that the electron spectrum is 

. Photon spectra taken fi-om the results of Figures 4 and 5; 0 is the 
angle between the direction of observation and the normal to the 
photosphere. 

. Reflection pi’obabilities as functions of the direction of observation 
and the direction of the incident photon for photon energies of 30keV; 

0 tUid are the imgles between the vertical to the photosphere aixd 
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Figure 1 
Figure 2 
Figure 3 


Figure 4 


Figure 5 
Figure 6 

Figure 7 


FUJUHK CAPTIONS 

. Integral reflectivities of Isotropic X-ray sources. The reflectivity 
Is defined In equations 10 and 11. 

. 1 t U(e , 0 ) for Isotropic sources with power-law spectra, where 
U(c,0) Is the differential reflectivity deflne<l In equation 10. 

. Photon spectra due to a thermal hydrogen plasma with - n, « Icm'^ , 
:md kT = 20keV and kT = 30keV'. The resultant spectra (Including 
the reflected component) seen at 0 * 5* :uiil .'it 0 75 ai*e shown by 

the solid lines. The dashed lines Indicate the original spectrum. 

Photon Intensities due to the accelerated electrons moving toward 
the photosphere with velocity vectors uniformly distributed In a cone 
with half opening luigle 30® and centered at the vertical to the photo- 
sphere. The specti”um of the accelerated electrons Is E*-*^ The 
solid lines represent primary photon Intensities .'ind the dashed lines 
represent the sum of the prlmarj’ .'uid reflected photon-s. 

Same as Figure 4, except that the electron spectrum Is E'-^-^. 

. Photon spectra t.aken from the results of Figures 4 and 5; 0 Is the 
angle between the direction of observation and the normal to the 
photosphere. 

. Reflection probabilities as functions of the direction of observ.'itlon 

.'Uid the illrectlon of the Incident photon for photon energies of 30keV'; ' 

0 ;uidO^, are the .angles between the vertical to the i)hotos|ihere :unl 
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Figux’e 8 
Figure 9 


.1 


the direction of observation and the direction of the incident photon, 
respectively; ^ is the angle between the projection of these two direc 
tions on the photospliere. 

Same as Figure 7 , except that the incident photons are at 15 keV . 
Isobrightness contoui’s of the albedo patch for various cases. Start- 
ing from the center brightness drops by a factor 2 from one contour 
to the next. 
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